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Abstract: Sample ICAT Data: Observations From Salt Stress:

Desulfovibrio vulgaris is classified as an anaerobic, sulfate reducing 6-proteobacterium, which has |dentified at 99% confidencg via ICAT proteomicg using LCMS, DV.U2298, the glycine bgtaine ABC During salt stress, many different significantly changing proteins were identified. The list of significant
the ability to reduce several heavy metals including chromium and uranium. Reduction of heavy transporter/permease protein was shown to be highly up-regulated in the salt stressed biomass changers was investigated to provide a functional understanding of the changes observed. Many of
metals places organisms under stress as the bacterium must adapt to new environmental using. C1 represents control, V1 represents 250 mM NaCl. the significant changes are also supported by microarray data (courtesy of Joe Zhou'’s lab). Based
conditions and different energy sources. In an attempt to gain an understanding of the physiology E23 2068 on these observations a picture of what is occurring inside the cell could be developed.
of the anaerobe D. vulgaris, and evaluate its potential application in bioremediation, we are o V1:C1
studying this bacterium under environmentally applicable stress conditions. To date we have | Sequence: 3.4561 ¥ Sulfate reduction
analyzed oxygen, sodium chloride, and nitrate stress. Bacterial stress response is reflected in | 245214 FTCLGIR } , € :
changes in gene expression levels, protein levels, and enzymatic activity. We are utilizing | .. o , mach!nery _
proteomics to study the changes in whole cell stress response by monitoring the changes in the | % | | e This pathway is D
level of protein expression. Both the isotope-coded affinity tag (ICAT), and ITRAQ labeling CA fATP synthesis .~ — showing up-regulation,
strategies are utilized to differentially label peptides from a stressed sample and unstressed o oo 516 7858 — The operon SO@Izs especially in the adenyl-
(normally grown) sample. These techniques allow peptide samples to be pooled after labeling and = S . encoding the F1 o sulphate reductase
analyzed together. Liquid chromatography coupled with dual mass spectrometry (LC-MS/MS) is N fzte fitries | subunit of the ATP @ Jene.
used to analyze and sequence the peptides. Peptide identification, reconstruction, and JL e VN s AU VY synthase is highly Sleiie
quantification is performed using ProlCAT and ProQuant software from Applied Biosystems. o e e e s e e e e e . - _ Acetyl CoA ,
These studies have confirmed the activity of several stress response mechanisms present in D. MbMSEcapeRticsi=cqioneoioniparantioniatim ZEla s quaxgi:::i;ﬂa:;v:af::tk ions Hp-regulatec \y / DN Glycine betaine
vulgaris, including the rubrythrin/rubredoxin pathway under oxygen stress, and the glycine betain (|:H3 o0 Accumulation of small neutral molecules such as glycine betaine (left) appears Pyruvate transport ?
transport system under salt stress. The results from these three proteomic studies are presented. H,C—N*—CH to be one of the predominant protective mechanisms during salt stress in T

CHj O" D.vulgaris. L actate permease permease genes show no

significant change or

* Cellular metabolism decrease after salt stress,

Experimental Scheme:

. The lactate permease was found to be the ABC transporter
Sample ITRAQ Data' unchanging in proteomics data, but was opuBB for
A) NaCl Salt Stress @ B) U e irol I dentified at 99% confidence via ITRAQ proteomics using LCMS, DVU2218, a putative rubrythrin fouual i bedh'gh'y HdOW”"'eg“'ate‘i " glycine/betaine/L-proline
18 _E:g'j T candidate was shown to be highly up-regulated in the oxygen stressed biomass. TO represents microarray ?ta. t owe\;elr,C Orjf of the transport is highly up-
0 P ~—Control baseline \L baseline, C1 represents control, V1 represents 0.1 ppm oxygen addition. The two V1 samples are colnvelrs;on slgps O acegl (ZI o b regulated.
0 77 \Y —Control2 =) co technical replicates (i.e. the same sample labeled with two different tags). (glycolate oxidase) was found to be
120 e '®) significantly down-regulated.
:'g 100 p“’ ' N—" V1
= / E - 145.1210 £02 5058
3 \Y AR - | Other observations:
5 L0.3 additional NaCl N\ G SS?Igfrl]:():eN L The ATP dependent RNA helicase, deaD is highly up-regulated.
C1 Desulfoferrodoxin is highly down-regulated.
: : : | 0 2 115.1151 el 291.2462
0 20 40 60 80 100 120 | | TO 100 4 230 2147 518.3761
Time fhowre) Time (hours) > Lo
(A) The MIC for salt stress. Similar growth curves (B) Schematic of the NaCl stress experiment oo neas _
were produced for each stress considered. Stress conducted during biomass collection. Cells are N — ConCI usions.:
was defined as the concentration of stressor that  grown to an optical density of 0.3, at which time \ o T sz o erae 508400
caused the generation time of cells to double. The the CO sample is collected and the stressor is B9 N | NS NE— KA ;.1...1|| T A e T The data from the oxygen stress experiment are very encouraging, as they show an increase in
time points used for proteomics analysis in each ~ added to one of the cultures. Samples C1 and e  MSMS around 116 m/a P me s me mh o we s e the rubrerythrin/ rubredoxin pathway, which is known in other organisms to counter free oxygen
stress condition were determined via microarray V1 were collected at 2 hours (approximately MSMS for peptide from DVU2318, rbr2, showing up-regulation radicals. Also, a hydroperoxide reductase was strongly up-regulated. Further investigation may
analysis. one generation time). reveal the importance of the up-regulation in the zinc resistance associated protein, and may help
. elucidate the function of the up-regulated conserved hypothetical proteins.
Experimental Summary: X | ; § o
_ ] Additional studies based upon the salt stress results confirmed that addition of glycine betaine to
S ample | a be“ng Strateg|es: Stressor Amount Labeling Method | # Peptides* | # Proteins the media protected cells from the effects of salt stress. Other studies currently under way include
7T creating gene deletions of the genes that changed significantly, such as the RNA helicase deaD.
Salt 250 mM additional ICAT 358 220 . " . . .
_ With additional information we hope to confirm and expand on the current gene regulatory network
W W W O)fygen 0.1 ppm continuous ITRAQ 1063 331 developed for D. vulgaris.
ICAT To c1 Vi ITRAQ Nitrate 6500 ppm added ITRAQ 3903 275
*Indicates the total number of spectra which were able to be assigned to any peptide. For example, during oxygen _The datla frOm the .nltrate stress e_xperl_ment revealed very few Slgnlflcantly Changlng proj(elns.
Denature and reduss cooome bridacs Senat = e brid stress 795 unique peptides were observed. This experiment is being repeated with biomass collected after approximately 4 doubling times,
i 4 : enatre and re ”fe S/SIEISIBICEES hopefully revealing a more complete picture of what is occurring inside the cell upon nitrate stress.
Light Label Heavy Label Digest Digest Digest Digest y o e TEE | - - t -
I o mE M v v v . i any scientists involved with the project are pooling information from a variety o
— il 1 .1'14‘ ._1;‘._”.6‘ :17\ Obsel‘vatlons FrOm Oxygen StreSS. techniques to try to gain a more complete understanding of these stress responses. ICAT and
W ﬁ il 1 ] 0 ITRAQ labeling techniques have proven very useful in finding a number of cases where microarray
o Vi V V ﬁ VIMSS ID |Name Description Log,(V1:C1) data shows large down-regulation in gene levels which is not supported by actual protein content. In
Pool . o » . 307732 | AhpC sl @i el eEen © 0.6102 o - | the future we will begin studying the effects of heavy metals. By constructing gene regulatory
o 208611 | Rbre rubrerythrin 0.3974 This is a partial list of proteins networks based upon stress response, we hope to be able to predict what will happen to D. vulgaris
Digest @ @ @ 208610 ) Rd] rubredoxin -like protein 0-3576 that changed significantly upon bioremediatory stimulation under various environmental conditions.
Pool 207805 Rbr2 | r.ubrerythrln, put:atlve | 0.3241 under oxygen stress. Up-
208912 ZraP zinc resistance -associated protein 0.2906 reaulated broteins are in
206977 decarboxylase family protein 0.2538 grgen dovl\::n regulate diaren A k I d t
Cation Exchange Cleanup Cation Exchange Cleanup 209119 conserved hypothetical protein 0.1918 i e O )
v 207907 conserved hypothetical protein 0.1899 red. RUb_reryth”n and C OW = me S -
Affinity Purify: 207257 RpsU ribosomal protein S21 -0.2128 rubredoxin protelns among We would like to thank the following laboratories and individuals:
@ 206739 RpsL ribosomal protein S12 -0.17 the most upregulated Joe Zhou (Oakridge National Laboratory) and his laboratory for providing microarray data
(Removes all un.labeled peptides) 206696 RNA -binding protein -0.1522 proteins present. Adam Arkin (UC Berkeley/Lawrence Berkeley Lab) and his laboratory, especially Eric Alm.
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